ABSTRACT
INTRODUCTION

1
State departments of transportation (DOTs) have historically used a low-bid approach to procure 2 traditional design-bid-build (D-B-B) projects. Under the low-bid approach, price is a sole 3 competitive factor. Non-price factors such as qualifications, experience, technical approaches, 4 and innovative solutions are not considered. Typically, state DOTs award a contract based on 5 the lowest responsive bid. Research has identified several advantages of using low-bid 6 procurement including: potential for monetary savings (1), easy and simple implementation, 7 reduced protests and disputes (2), a long-standing legal precedence and enhanced competition 8 (3), and a transparent selection process (4). However, low-bid procurement does not always 9 offer the best performance during and after construction. Because past performance is not a 10 factor in low-bid awards, contractors with a record of delivering high quality projects are less 11 likely to be awarded the contracts in low-bid contracting (5, 6). In the words of one author, this 12 creates a situation where the agency is in effect subsidizing marginal performance, which in turn 13 reduces the incentive for excellent performers to continue their superior performance (6). As a 14 result, a number of DOTs are increasingly using best-value procurements.
15
In contrast to the traditional low-bid procurement, best value aims at enhancing the long-16 term performance through selecting the contractor with an offer most advantageous to the owner 17 when selection factors other than price are also considered (3). These other factors may include 18 items such as technical solutions, managerial merits, financial health, and past performance.
19
Time, cost, image, aesthetics/appearance, operation and maintenance, managerial safety, and 20 environment aspects can also be relevant factors in best-value procurements depending upon 21 unique project goals (7, 8) . Best-value procurement places emphasizes on efficiency and 22 effectiveness, quality, value of money, and performance standards (9). The core benefits of 23 using best-value procurement are twofold. First it requires the contractor to develop detailed 24 project and procurement plans in the early phase of the project development process. Second, it 25 necessitates procurement solicitations that encompass accurate selection criteria and rating 26 systems (7). Research has shown that the main goal of using best-value procurement for 27 transportation projects is to select the contractor who has the optimum combination of price and 28 technical capabilities (10). Molenaar and Johnson (10) stated that "When used correctly, a best-29 value selection rewards those who propose innovative concepts that enhance product quality or 30 lower the price for providing quality. When used incorrectly, owners may introduce 31 inappropriate biases into the selection process or add cost to the procurement." It is important to note that although best-value procurement is increasingly in use for explicitly addressing the application of best-value procurement on D-B-B project delivery (11).
10
The Minnesota DOT manual provides a concise approach for implementation, but it also 11 indicates that future research is needed to expand the D-B-B best-value approach (11).
12
Building upon relevant literature, the objective of this paper is to examine how to apply 
BEST-VALUE LEGISLATION AND REGULATORY FRAMEWORK
18
Legislation and regulations for public sector construction at the federal and state levels are 19 moving towards greater use of contracting approaches to achieve the "best-value" for dollars 20 expended. In some cases, particularly at the state level, statutes specifically address the use of price must be at least 70% but no more than 90% and (2) schedule must be at least 10% but no 22 more than 30%. 
RESEARCH APPROACH
33
The research approach included three primary tasks: 
40
and conclusions. The following sections describe these tasks in detail. 41 
42
Literature Review
43
The research team conducted a comprehensive literature review of related best-value documents.
44
The goal of this effort was twofold. The research team searched academic literature, industry 45 publications, state DOT websites, and government reports to find the most current trends and practices in best-value procurement. Additionally, the team searched archival information to 1 describe the origins of best-value procurement and how it has evolved into the current state-of- 
Case Studies
29
According to Yin (15) , case studies are the preferred research method when: the research 30 problem is on a contemporary phenomenon within a real-life context; dealing with "how" and 31 "why" research questions; and the researcher has little control events. In addition, the case study 32 approach is more explanatory in this research due to the lack of existing frameworks on 33 implementing best-value procurement for D-B-B delivery methods. As a result, the case study 34 approach is a suitable research methodology (15) and is a main research tool for this study.
35
In this step, the research team conducted phone interviews with DOT representatives.
36
Due to length constraints in this paper, the authors chose cases from Michigan, New York, and
37
Oregon DOTs because they best illustrate the state of practice. During the interview, guidance 38 documents, templates, tools, and checklists, and other transmittals were obtained to enhance 39 validity. In each case study, the research team followed a rigorous case study protocol including:
Once case study interviews were completed, the raw information and relevant documents 1 collected were analyzed and integrated with data from other sources. A detailed description of 2 each case study is presented below. Table 1 provides a description and some key features of the case studies analyzed in this paper.
CASE STUDY ANALYIS AND RESULTS
5
6
As previously mentioned, the case studies were selected based on the national survey and 7 communication with state DOT representatives. Table 1 indicates that all three case projects 8 were rehabilitations. The contract award varied approximately from $49 million to $146 million.
9
Adjusted bid and weighted criteria were two best-value algorithms used for these three case 10 study projects. Best-value algorithms are the steps taken by the owners to combine best-value 11 parameters, evaluation rating systems, and evaluation criteria to make a final award the sum of these evaluations and the project is awarded to the proposal with the highest score.
19
While it cannot be completely attributed to the best-value process, it is notable that all projects 20 were bid below the engineer's estimate. The remainder of the paper details the case studies. 
Best-value rationale
33
The majority of the project work had a significant impact on a residential area northwest of Life" concerns consistently cited (16). As a result, Michigan DOT decided using best-value 5 procurement as a means to establish acceptable criteria for the quality of life issues.
7
Best-value legislation 8 Michigan DOT received an SEP-14 approval for this project in October 2010. In the original 9 SEP-14 document, Michigan DOT proposed to select the contract based on the best-value 10 weighted criteria algorithm. The final score was calculated by using a weighted average method 11 giving 60% weight to the bid price and 40% weight to the technical proposal score. As the SEP-12 14 document was being finalized, it was determined that the best-value adjusted bid algorithm 13 would be used (16). Michigan DOT also engaged the Michigan Attorney General's office to 14 obtain feedback on the risk and legality of the specifications before advertising the project.
16
Best-value evaluation criteria
17
As previously mentioned, the quality of life concern was of paramount in this project. As a 18 result, the evaluation criteria related to this concern were assigned significant weight.
19
Specifically, the best-value evaluation criteria consisted of the following issues: (1) general 20 construction concerns, including the impact of construction activities on air quality, noise, traffic, 21 utility, and damage to neighborhood property; (2) local contractor and workforce participation;
22
(3) safety and mobility; and (4) schedule. It was noted that during the development of the best-value special provisions, the Michigan DOT and would include this information in the special provision for best-value selection" (16).
9
Best-value selection process 10 The Michigan DOT used the adjusted bid algorithm (composite score) to select the contractor for the best-value process that will help them to use it where most appropriate in the future (16).
44
New York DOT: Patroon Island Bridge Project
The Patroon Island Bridge is a heavily used commuter route and provides an important York DOT to consider and evaluate critical aspects of the project in addition to price. address potential issues and risks, and optimize the sequencing and phasing of the work. instruction and specification how to score these criteria in the bid document information. The 7 second component in the best-value evaluation criteria is cost or price. The final weight of cost 8 was 50%. A total of 100 Cost Ranking Points was assigned to the contractor with the lowest bid.
9
Remaining bids received Cost Ranking Points based on the percent that their bid exceeds the 10 low-bid (19).
12
Best-value selection process
13
After evaluating technical and price proposals, the three proposers with the highest subtotal 14 scores (technical score + cost score) plus any proposal within 10 ranking points of the proposal 15 with the highest subtotal score was offered the opportunity to provide oral presentations (19).
16
The objective of the oral presentation was to increase the understanding of the submittal on 17 technical evaluation criteria. A selection committee included main and/or regional office staff 18 that evaluate and score technical qualifications.
19
To enhance objectivity and fairness of the selection process, the selection committee was 20 kept strictly separate from cost proposals and scoring. The selection committee met as a group 21 and agreed on consensus scores for each technical evaluation factor for each proposer. The 
12
Best-value rationale 13 The Oregon DOT traditionally uses a low-bid process, but has concluded that using the low-bid 14 approach for the D-B-B delivery method may entail an unacceptable risk for this project (20).
15
As a result, Oregon DOT decided using best-value procurement as a means to accomplish the 16 required work for this project.
17
The project is located in the commercial and recreational travel corridor. Because of the 18 lack of alternative access routes, the I-84 traffic lanes must be maintained during construction. A 
37
Best-value evaluation criteria 38 The relative weight of price and technical evaluation criteria for this project was 70% and 30% To maintain objectivity and fairness of the selection process, Oregon DOT provided a 8 detailed instruction on how to score each technical evaluation criterion in the bid booklet. The 9 technical criteria were evaluated and scored based on content, conformance, clarity and 10 completeness, quality of work plan approaches, and bidder qualifications. Oregon DOT also 11 included non-voting members during the scoring process (22).
13
Best-value selection process 14 Oregon DOT used the best-value weighted criteria algorithm to select the contractor. The 
25
There are several disadvantages of implementing the best-value process. New York State
26
DOT mentioned that the process may take longer than a traditional low-bid process. The extra 27 time is often required for evaluating and selecting the best-value contractor. In addition, the 28 preparation and submission process can be more time consuming and costly than the low-bid 29 process (18). State DOTs require additional time and efforts for the preparation of bid 30 documents and evaluation plans. The Oregon DOT indicated that a minimum of eight months 31 and additional $20,000 should be budgeted to account for extra staff work for large and complex 32 projects (24). Oregon DOT also pointed out that best-value procurement is suitable for a project 33 that has: unique technical requirements (e.g., a project requires expertise that may be difficult to 34 meet if using low-bid procurement); and potential for cost savings (24).
35
This research has found that, while many advantages exist, the best-value approach 
